for the Enhanced Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED) Investigators IMPORTANCE A lower dose of intravenous alteplase appears to be a safer treatment option than the standard dose, reducing the risk of symptomatic intracerebral hemorrhage. There is uncertainty, however, over how this effect translates into an overall clinical benefit for patients with acute ischemic stroke (AIS).
L ow-dose intravenous alteplase was approved in Japan for the treatment of acute ischemic stroke (AIS) within 3 hours of onset. This approval was based on a single-arm study, the Japan Alteplase Clinical Trial, showing that clinical efficacy and safety of low-dose alteplase in a Japanese population (0.6 mg/kg body weight; maximum 60 mg) were comparable to the efficacy and safety of standard-dose alteplase in other populations (0.9 mg/kg body weight; maximum 90 mg). 1, 2 This standard dose, which is approved by most regulatory authorities outside of Japan, has not been comprehensively tested in other Asian countries, but clinicians in the region may prefer low-dose alteplase because of its lower cost or apparent ability to reduce the risk of bleeding.
3,4 Thus, uncertainties remain about the optimal dose of alteplase in Asian populations because observational studies have produced conflicting findings 5-8 and randomized evidence has been absent.
Individual patient data from recent randomized clinical trials or information from stroke registries about the hazards and benefits of intravenous alteplase for different patient subgroups [9] [10] [11] [12] show similar proportional benefits of thrombolysis for patients 80 years of age or older and for those with a severe neurological deficit (with National Institutes of Health Stroke Scale [NIHSS] score >25; NIHSS scores range from 0 to 42, with the highest score indicating greater neurological impairment). These data are reflected in the latest guideline recommendations of the American Heart Association and the American Stroke Association, 13 as well as the Royal College of Physicians. 14 There are proven clinical benefits from thrombolysis for older patients and those with severe AIS, but these features increase the risk of symptomatic intracerebral hemorrhage (sICH). 13 Accordingly, low-dose alteplase may maintain the benefits of treatment while reducing the risk of sICH.
In the recently completed alteplase-dose evaluation arm of the quasifactorial Enhanced Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED), use of low-dose alteplase compared with standard-dose alteplase for thrombolysiseligible AIS patients was not shown to meet the predefined noninferiority margin of the conventional binary clinical end point of death and disability, defined by scores of 2 to 6 on the modified Rankin Scale (mRS) at 90 days (the mRS scores range from 0 to 6, with 0 indicating no symptoms and 6 indicating death). However, the ENCHANTED trial did show that low-dose alteplase was noninferior for overall functional recovery through ordinal analysis of the mRS and resulted in significantly less severe sICH than did standard-dose alteplase. 4, 15, 16 Therefore, it is plausible that low-dose alteplase may be a preferable treatment for certain types of patients. In this prespecified secondary analysis, we used data from the ENCHANTED trial to provide detailed information about the treatment effects of low-dose vs standard-dose intravenous alteplase and their association with age, ethnicity (Asian vs non-Asian), and severity of AIS.
Methods

Participants
The ENCHANTED trial was an international, multicenter, prospective, randomized, open-label, blinded, end-point clinical trial, the details of which are outlined elsewhere. 4, 15, 16 In brief, from March 1, 2012 , through August 31, 2015, a total of 3310 patients who received a clinical diagnosis of AIS that was confirmed by brain imaging and who fulfilled the local criteria for thrombolysis treatment were included in the alteplasedose arm, with a random assignment to receive low-dose (0.6 mg/kg; 15% as bolus and 85% as infusion over 1 hour) or standard-dose (0.9 mg/kg; 10% as bolus and 90% as infusion over 1 hour) intravenous alteplase. The study protocol for the ENCHANTED trial was approved by the appropriate ethics committee at each participating center, and written informed consent was obtained from each patient or an appropriate surrogate. This secondary analysis was conducted between May 1, 2016, and April 28, 2017 .
Statistical Analysis
The treatment effects of low-dose vs standard-dose alteplase on the disability outcomes and sICH were determined using logistic regression models, and the heterogeneity of the differential effect according to alteplase dose across subgroups was estimated by adding an interaction term to the statistical models. Proportional odds regression models were used to determine the treatment effects on the ordinal mRS across subgroups of patients defined by age, ethnicity, and neurological severity; the proportional odds assumption was fulfilled in all models. 17, 18 Sensitivity analyses were performed using age and baseline NIHSS score as continuous variables in logistic regression models with the adjustment for variables described in the following paragraph. The association of age (<50, 50-59, 60-69, 70-79 , and ≥80 years), ethnicity (Asian vs non-Asian), and neurological severity (baseline NIHSS scores of 0-4, 5-10, 11-15, 16-21, and ≥22) with death or disability, death, and sICH were estimated using logistic regression models, with adjustment for the baseline covariates (time from onset to randomization [<3 hours vs ≥3 hours]; age; sex; ethnicity; baseline systolic blood pressure; baseline NIHSS score; any history of stroke; coronary artery disease; diabetes mellitus; atrial fibrillation; hypercholesterolemia; premorbid mRS score [0 or 1]; previous use of warfarin sodium anticoagulant, aspirin, or other antiplatelet agent; and randomized treatment [low dose vs standard dose]) as well as for management over the first 7 days (systolic blood pressure at 24 hours; fever occurrence; provision of nasogastric tube feeding; mobilization of a patient by a therapist; use of compression stockings, intravenous steroids, and neurosurgery; any admission to a stroke unit or intensive care unit; and any rehabilitation or decision to withdraw active care). The heterogeneity of the associations across subgroups was also estimated by adding an interaction term to the model. Data were reported as odds ratios and 95% CIs. Two-sided P values were reported, with P < .05 considered statistically significant. SAS, version 9.3 (SAS Institute Inc), was used for analyses.
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Results
Baseline Characteristics and Management Details
From March 1, 2012, through August 31, 2015, a total of 3310 patients were randomized; 1654 were assigned to low-dose alteplase and 1643 to standard-dose alteplase after 13 patients were excluded (9 did not provide informed consent, 1 was mistakenly randomized, and 3 had duplicate randomization numbers). 16 The remaining 3297 patients (1248 [37.9%] were women, and the mean [SD] age was 67 [13] years) were included in the age analyses. The Table shows the baseline characteristics of patients by age groups: older patients were significantly more likely to be women, to be of non-Asian ethnicity, to be hypertensive, and to have a history of comorbidities and concomitant prior use of aspirin and statin therapy. In addition, they were more likely to have had strokes of greater neurological severity. There were 3291 patients (2079 self-identified as Asian and 1212 as non-Asian) with available information for ethnicity analyses. eTable 1 in the Supplement indicates that patients of non-Asian ethnicity were significantly older; were more likely to be women; had greater comorbidities (eg, hypertension and atrial fibrillation); had more concomitant use of antihypertensive, warfarin, aspirin, and/or statin therapy; and were treated more quickly with alteplase than were patients of Asian ethnicity (eTable 2 in the Supplement).
There were 3297 patients (median [interquartile range] baseline NIHSS score of 8 [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ) included in the severity analysis. Patients who presented with more severe neurological impairment had characteristics similar to older patients except they were more likely to be of Asian ethnicity (eTable 3 in the Supplement). Differences in the use of alteplase and other management factors over the first 7 days after randomization by age, ethnicity, and stroke severity subgroups are reported in eTables 2, 4, and 5, respectively, in the Supplement.
Association of Low-Dose vs Standard-Dose Alteplase With Age, Ethnicity, and Severity
No clear differential effect of alteplase was observed in any particular age group for the disability outcome, whether defined by different cut points (2 to 6 or 3 to 6) or on an ordinal analysis of the full range of scores on the mRS (all P ≥ .51 for interaction; Figure 1 ; eTables 6 and 7 in the Supplement). Similarly, there was consistency of the lower risk of sICH for low-dose alteplase across age groups (all P > .50 for interaction; Figure 2A ; eTable 8 in the Supplement). In a comparison of Asian and non-Asian patients, there was no significant difference in the disability outcomes between the 2 doses of alteplase, whether defined by death or disability (all P ≥ .32 for interaction, Figure 1 ; eTable 9 in the Supplement) or an ordinal analysis of the mRS for low-dose (odds ratio, 1.05; 95% CI, 0.90-1.22) vs standard-dose (odds ratio, 0.93; 95% CI, 0.76-1.14) alteplase (P = .32 for interaction) (Figure 3) . Similarly, regarding the primary outcome, no clear beneficial effect of 1 dose over the other was found across patients from different regions of the world (China; United Kingdom, continental Europe, or Australia; Asia, other than China; and South America [eFigure 1 in the Supplement]). Furthermore, there was no heterogeneity in the differential effect of alteplase dose on the risk of sICH between Asian patients and non-Asian patients ( Figure 2B ; eTable 10 in the Supplement).
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The treatment effects of low-dose vs standard-dose alteplase on various disability outcomes (mRS scores of 2-6, 3-6, or 6 [death] or ordinal analysis) remained consistent across the grades of baseline neurological severity (Figure 1 ; eTables 11 and 12 in the Supplement), even after accounting for treatment delay (eFigure 2 in the Supplement). The differential treatment effect on the risk of sICH was consistent with increasing severity ( Figure 2C ; eTable 13 in the Supplement).
Prognostic Significance of Age, Ethnicity, and Neurological Severity Older patients were more likely to have poor outcome (mRS scores of 2-6, 3-6, or 6 [death]; all P < .01 for trend; eTable 14 in the Supplement), but there was no clear association of sICH across a broad range of criteria with increasing age, irrespective of alteplase dose (eTable 15 in the Supplement). Simi- .
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Research Original Investigation Low-Dose vs Standard-Dose Alteplase for Patients With Acute Ischemic Stroke larly, no significant association was found between ethnicity and poor outcome (death or disability; eTable 16 in the Supplement) or sICH (eTable 17 in the Supplement). However, these end points were associated with increasing neurological severity of AIS (mRS scores of 2-6, 3-6, or 6 [death]; all P < .001 for trend; sICH, P < .001 for trend according to the National Institute of Neurological Disorders and Stroke and the third criterion of European Cooperative Acute Stroke Study), after adjustment for confounders and alteplase dose (eTables 18 and 19 in the Supplement).
Discussion
In this prespecified secondary analysis of the ENCHANTED trial, no clear differences were found in the treatment effects of low-dose vs standard-dose alteplase on the main disability outcomes according to age, ethnicity, and baseline neurological severity of thrombolysis-eligible patients with AIS. Thus, for these key patient characteristics, we could not identify a clinically important subgroup who clearly benefitted more from low-dose than standard-dose alteplase. However, there was a statistically insignificant consistency in the finding that a lower risk of sICH was associated with low-dose alteplase across various age groups, between Asian patients and non-Asian patients, and with increasing levels of neurological severity. To our knowledge, this secondary analysis provides the only randomized evidence comparing the effects of low-dose alteplase with those of standard-dose alteplase. Although the sICH rates were lower with low-dose alteplase, they could not be associated with increasing age and did not influence the differential treatment effect between the alteplase doses on the disability outcomes. Thus, age is not a sufficient criterion to determine which dose of alteplase to use; older patients with AIS should not be systematically denied use of standarddose alteplase on the assumption that it is a more hazardous treatment for very old patients than for younger patients. Our randomized data partially contradict 3 observational studies that have suggested low-dose alteplase is associated with both a lower risk of sICH and a higher odds of independent recovery for elderly patients with AIS in Eastern Asia. 5, 19, 20 Because we found no significant ethnic variation in the differential treatment effects of low-dose and standard-dose alteplase on the disability outcomes or sICH, ethnicity cannot be regarded as a modifying factor in the risks and benefits of low-dose or standard-dose alteplase. Systematic reviews 21, 22 of the current observational thrombolysis studies of patients with AIS in Asia are consistent with our analysis, finding trends toward better functional outcomes from standard-dose alteplase rather than low-dose alteplase despite differential risks of sICH. Despite the popular belief in and underlying rationale for the preferential use of low-dose alteplase among patients with AIS in Asia because of higher bleeding risks from lytic treatment, our analysis did not indicate any variation in the differential treatment effects of the 2 doses of alteplase between Asian patients and non-Asian patients. Thus, our findings do not support the current practice in many Asian countries of using low-dose alteplase because it is expected to be more efficacious than the standard dose. 1, 2, 23 The ENCHANTED trial was uniquely placed to assess the effects of low-dose and standard-dose alteplase by stroke severity, as well as to determine whether low-dose alteplase modified the balance of benefits and risks. Our analysis indicates that the benefits of low-dose alteplase in reducing the severity of sICH was not significantly affected by stroke severity. Furthermore, the use of low-dose alteplase was not associated with a worse 90-day outcome, even for patients with a severe deficit. Although the benefits of standard-dose alteplase were independent of stroke severity, the rate of favorable outcome depended on neurological severity. 9 For patients with an NIHSS score of 11 or higher, the absolute increases in good outcomes resulting from standard-dose alteplase vs placebo were estimated at 3.2% to 4.5%. Thus, low-dose alteplase did not appear to alter the odds of recovery for these types of patients.
Strengths and Limitations
The strengths of this analysis include the use of a large sample size with a high proportion of older people from both non-Asian and Asian populations in a variety of health care settings worldwide, which enhances the generalizability of the ENCHANTED trial results. In addition, there were high rates of patient follow-up and adherence to treatment. The rigorous assessment of serious adverse events, especially sICH, ensured that any harms associated with the treatments were reliably detected and quantified. However, the analysis also had some limitations. Imprecision in the estimates of the treatment effect may have arisen from interobserver variability in mRS scoring. 24 Furthermore, the inclusion of patients who had a generally mild neurological severity and were treated with a longer delay from symptom onset than patients in other trials and evaluations of alteplase for AIS 9 may cause concern over the external validity of these results. Finally, presented here are subgroup analyses with reduced statistical power, which limited our ability to detect modest differences between the randomized groups.
Conclusions
This prespecified secondary analysis of the ENCHANTED trial has shown that the differential treatment effects of low-dose vs standard-dose alteplase on clinical outcomes were consistent across the subgroups defined by age, ethnicity, and AIS severity. There was no statistically significant consistency in the finding that low-dose alteplase was associated with a lower risk of sICH for patients of increasing age, with Asian or nonAsian ethnicity, and with increasing neurological severity. These results suggest that decisions about the dose of alteplase used in thrombolysis-eligible patients with AIS should not be based solely on age, ethnicity, or stroke severity. All estimates are based on shift to a less favorable outcome. CI: confidence interval; OR: odds ratio; mRS: modified Rankin Scale. Scores on the mRS range from 0 to 6, with 0 indicating no symptoms, 1 symptoms without clinical significant disability, 2 slight disability, 3 moderate disability, 4 moderately severe disability, 5 severe disability, and 6 death. 
